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DISTRIBUTION  STATEMENT  A: 
Approved  for  Public  Release  - 
Distribution  Unlimited 


Monopropellant  Goals:  Make  stable,  highly  energetic,  dense  materials,  which  are 
balanced  in  respect  to  the  formation  of  the  expected  exhaust  product  with  self  contained 
oxygen  atoms,  during  a  combustion  process. 
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Conclusion:  Difficult  to  get  a  material  from  an  idea  to  reality  and  pass  all  of  these  tests! ! 


Hydrazine  is  currently  the  state  of  the  art  in  many  satellite  altitude  and  attitude 
systems.  It  is  usually  decomposed  over  a  heated  catalyst  bed. 
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G.  P.  Sutton  Rocket  Propulsion  Elements  An  Introduction  to  the  Engineering  of  Rockets  6<h  Edition.  John  Wiley  &  Sons.  New  York,  NY.  1992,  257. 


The  work  of  the  current  group  comes  as  an  extension  of  an  idea  of  Dr.  Tom  Hawkins 
(AFRL/PRSP),  which,  through  the  use  of  energetic  salts,  many  of  the  inherent  shortcomings  of 
hydrazine  can  be  resolved. 
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extremely  high  temperatures  during  combustion 
catalyst  compatibility  and  reactivity 


AHf  (est)  =  +56  kcal/mole  +  ^  kcal/mole 


Synthesis  of  3  A5-triamino-l,2,4-triazole 


t 


Child,  R.  G.  J.  Heterocvcl.  Chem.  1965,  2,  98. 


Energetic  Salts  made  from  3,  4,  5-triamino-l,  2,  4-triazole 


TGA  studies  @  0.2%  / 1  day  0.01  %  / 1  day  0.134  %  / 1  day 

75°C  PASS  PASS  PASS _ 


Synthesis  of  4-amino-l,2,4-triazole  (4- AT 


Goe,  Gerald,  L. ;  Scriven,  Eric,  F.  V. ;  Keay,  James,  G. ;  Huckstep,  Lowell,  M.  U.  S.  Patent 
5.099.028.  March  24, 1992. 


Russians  have  reported  several  energetic  complexes  of  substituted  4-amino-l,  2,  4- 
triazoles  with  trinitromethane,  including  the  parent  heterocycle  in  1966. 


Slovetskii,  V.  I. ;  Brusnikina,  V.  M.  ;  Khmel’nitskii,  L.  I. ;  Lebedev,  O.  V. ;  Novikov,  S.  S.  Khim. 
Geterotsikl.  Soedin.  1966,  2,  448. 


Energetic  Salts  made  from  4-amino-l,  2,  4-triazole 
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Energetic  Salts  of  1, 2,  4-triazole  which  were  synthesized 


o2 

a  « 

ii 

X 

H 

2- 


<s 

/-*s 

fS 

O 

Z 

Z 

M 


© 


© 

N  ~ 

55  2 
u  3 
-+-»  5 

I  68 
T*  U 

^  C 


S 

3 

•  m+ 

N  © 

.2  2 

i-  9m 
© 

^  j= 

ri  u 

fH  & 


u 

o 

ID 


u 

o 

90 


O 

N 

66 


i  o 

-2 

<s  h 


u 

© 

a- 

© 

5- 

pm 

2 

© 

tw 

>> 

-C 

Ph 


© 

SI 

#c 

’PS 

2 


U 

o 

O 

c* 


U 

o 

i n 
oo 


wq 

St 

90 

Q\ 


u 

U 

© 

01 

J4 

e 

t> 

o 

c* 

© 

m 

00 

© 

¥H 

fS 

A 

B 

© 


66 

© 


v®  d 

C 


66 


"  Ifl 

*  to 
^  < 
f<i  Pm 
© 


66 

© 


0> 

C/> 

c 

o 

> 

• 

ft. 

s 

V3 

c 

© 

a> 

CM 

cw 

© 

© 

a 

u 

C3 

a 

g 

Q 

HH 

v© 

oN 

00 

00 


m 

& 

< 

Pm 


V5 

2 

*3 

3 

■+* 

O 

H 


U 

o 

in 

r- 


Ethylene  bisxoyamine  versus  methylene  bisoxyamine? 
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Could  there  be  a  difference  between  geminal  and  monooxyamine  salts? 


ethylene  bisoxyamine  in  KBr  vs  KBr 


Sample:  ethylene  bisoxyamine  xstals  in  mp  capillary 
Sample  Source:  Signal  to  noise,  big  aperture 
Laser  Power :  800 


ethylene  bisoxyamine  second  run  in  CD30D 


ethylene  bisoxyamine  second  run  in  CD30D 


Ethylene  bisoyxamine  mono  salts  are  very  sensitive  materials! 
Friction/impact  tests  were  very  “positive”  with  loud  reports  and  destroyed  tools! 


Sample:  ethylene  bisoxyamine  monoperchlorate  crystals 
Sample  Source:  Signal  to  noise,  big  aperture 
Laser  Power :  800 


Sample:  ethylene  bisoxyamine  mononitrate  crystals 
Sample  Source:  Signal  to  noise,  big  aperture 
Laser  Power :  600 


Double  salts  of  ethylene  bisoxvamine 


Double  salt  of  ethylene  bisoxyamine  don’t  decompose  when  they  melt  like  mono 
salts  or  any  methylene  bisoxyamine  salt.  However,  the  safety  properties  are  scary! 


Sample:  EBO  dinitrate  salt  (recrystallized)  ir 
Sample  Source:  Signal  to  noise,  big  aperture 
Laser  Power :  600 


Single  Salts  of  1, 3-diamino-2-propanol 


Double  Salts  of  1,  3-diammo-2-propanol 
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is  continuing  with  this  family  of  materials,  and  similar  materials  are  being  currently  sought. 


